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Fig. 1 = 


Trarseission Line of 
Infinite Length and 
constructed of No. 12 
Gauge copper wire and 
arranged with 8® spac- 
ing between centers 

of wires. 


ie 


To Infinity 


Fig. 2 - Method of neasuring the inpedance of 2 test 
an or an infinite length of line. 


+H i or showing Characteristic 
ss Frpedance Z_ in teras of the 
a, eee f distance between cen- 


oe i ‘ Vea cae 
ioe PL aa , 
Ce 7 He pe 2 i Set of enka showing values 
Oe eet of 2, for various gauges of 
wires and rods in teras of 
— gpacing in inches. Note that 
parallel wire lines using wires 
can be obtained for values of 
ly between 800 and 400 ohms 
and that lower impedances than 
these require the use of reds. 
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Generator 


Fig. 5= The infinite line without losses shown as 
being made up of distributed inductance and 


capacity. 
Te infinity To infinity 
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Constant Voltage 





Constant Current 





Volts Agps 


Miles of Line Miles of Line 


Fig. 6 - Graphs of Current and Voltage readings obtained at any 
points along an infinite line with no losses. 
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Fig. 7 = An Infinite line with losses such as would exist in practice. The 
line is shown as being made up of resistances and inductances along each unit 
length of the line and condensers shunted by resistances across each unit 
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Fig. 9 = The short length of transmission li 
without losses acts in exactly the same way 
an infinite line #hen the short line is te 
ninated in a resistance Ro equal in value 

Lo the. characteristic impedance 


Current or Voltage 





____ To Infinity 


Miles of Line 


Fig. 8 - Deacy of voltage or current in a transmission line containing 
the losses shown in Fig. 7. when the current or voltage falls to 
1/30th of the sending value, the line can be said to be equal to an 
infinite length for all practical purposes. 
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Distance afang the line «=~ = > 
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Fig. 10 = One complete cycle showing how the wave progresses Fig. 11 = One half cycle showing hoe 
along the transnission line. the wave travels along the line having 
R.F. Generator attenuation or losses. 


Fig. 12 - Coupling of a transmission line to a walve 
600 Ohm Line oscillator or aeplifier closed circuit or tank. 
The 2000 ohm tank couples te the 600 ohm lime by 


+ 


means of a 1.8 te one step down transforrer. 


=e - 


Fig. 13 = One hundred volts feeding Fig. 14 = One hundred volts feeding Fig. 15 - No load on the 

a resistor in 2 sealed box. By a resistor through a transforser. secondary makes the pria- 

Cha's Law it must be 1000 Ohas. By Ohe's Law the resistance is ary act as an open circuit. 
again 1000 ohes. 
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Fig. 16 ~ The load of a 100 Fig. 17 - 10,000 ohm generator Fig. 18 = 10,000 oha generator 
ohms on a 10 to 1 step down correctly matched to a 10,000 correctly matched to a fictitious 
transformer refiects 10000chms = ohas load. 10,000 chm load, though the actual 
back into the primary. load fs only 100 ohes. 
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Fig. 19 = Linear matching of 2 
600 oha line to an antenna 
by fanning out to 2 value of 
Ry at 42 A. 


Fig. 20 - Matching of the 600 ohm line 
to the antenza closed circuit by 
transformer action. 


Fig. 21 = Parallel wire Line embedded Fig. 22 - Twisted pair flex with 
wire flex 25 = 72 ohne. cotton braid covering. 
Zs e 150 chas. 
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Fig. 25 - Typical 
Fig. 24 - Operation of a concentric line in flexible concentric 
. practice. line using porce- 
lain spacers. 
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Fig. 23 a Graph showing values Fig. 26 = Solid rubber di- Fig. 27 = Attempt te reduce 
eS Lo in: teres of ratios of electric concentric line. the amount of rubber used 
ray". ae Losses are tdghor than fer as the dielectric by shaped 

\ P2 an air dielectric. spacers. 








Start of a train of waves 
Noté dot at A for 


start. 


1/8 cycle later dot 
moves 1/8\ forward. 


1/4 cycle later dot 
moves 1/4\ forward. 


3/8 cycle later dot 
moves 3/8) forward. 


1/2 cycle later dot 
moves 2/4 forward. 


5/8 cycle tater dot 
moves 5/8 forward. 


3/4 cycle later dot 
moves 3/4 forward. 


7/8 cycle later dot 
woves 7/8. forward. 


1 cycle later dot noves 


4/4 forward. 


(same as A). 


Voltmeter readings. 


Fig. 28 = Process of building up standing waves of voltage in a transmission 
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No reading 
No reading —— 


Yoltmeter always readin ¢ 
Voltmeter always reading —— 





No reading 


Voltmeter always reading —— 


Transmission Line 9 1/4 lons. 


No reading 





No reading —— 


Voltmeter always reading —— 
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Yaltage standing wave —— 
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TRANSMISSION LINES Je 
(Yoitage standing waves in an open line) 


Wave if it had net 


been reversed 


and reflected ‘ 


NO 


atways exists at the 


end of line. 





Sending wave meets 
reflected wave hav- 
tng opposite pol- — 
arity cancellation 
of all voltage waves 
at this point. 


Standing waves 


Standing waves at 
maximum values. 


Standing waves dyin 
away. 


Cancellation of all 
voltage waves at 
this instant. 


Standing waves 
building up. 


—s 


Standing waves at 
maximum values. 


Standing waves 
dying away. 


Cancellation of al! 
voltage waves at 
this instant. 


TE: Voltmeters cannot show 
polarity changes of the above 
so curve J represents instrument 


readings only. 


line terminated in an open circuit. 
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Start of a train of waves fie tee 


Note dot at A for 
start. 


1/8 cycle tater dot 
moves 1/8\ forward. 


1/4 cycle later dot 
moves 1/4) forward. 


3/8 cycle later dot 


moves 3/8\ forward. | 


1/2 cycle later dot 
moves 2/4 forward. 


5/8 cycle later dot 
moves 5/8 forward, 


3/4 cycle later dot 
moves 3/4) fornard. 


7/8 cycle later dot 
moves 7/8 forward. 


1 cycle later dot 
moves 4/4 forward. 
(same as A). 


Ammeter Readings. 













i 









& Ds 
Le 















nT LENT 
Cc na a 
bs “| 
fied 
a c oe 
E 







, VY 


. 
\ st 
sf 


AA 
YS 






( 















NY 
fe) 







iif gf 
jy 
— 


HH 


: : 
* 
J 









~ 


amt 
sec at we = we =2t ae we 
ses 3:8 y 8 
<,28 2 £ 7 « a 2 2 €.; 
~SQ << < gs K & <6 & es 
932 See eee’ 
es eo © => SF A = 


TRANSMISSION LINES 6. 
(Current standing waves jn an open line) 


Vave if it had not ween daneweaks 
reversed and ner eO ER oie wave havit 
opposite polarity 
cancellation of all 
current waves at th: 
point. 
Standing waves 
building up. 


Standing waves at 
maximum values. 


Standing waves dying 
away. 


Cancel lation of all 
current waves at thi 
instant, 


Standing Waves 
building up. 


Standing waves at 
maximum values. 


Standing waves dying 
away. 


Cancellation of all 
current waves at thi 
instant. 


NOTE: Ammeters cannot show polarity 
changes of the above so curve J re- 
presents the instrument readings 
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Fig. 29 - Process of building up standing waves of current in 2 transmission 
line terminated in an open circuit. 
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Start of a train of waves 
Hote dot at A for start.’ 4 


1/8 cycle later dot 2 


moves 1/8X forward. 


1/4 cycle later dot 
noves 1/4), forward. 


3/8 cycle later dot 


moves 3/8\ forward. D > 
E a 


ee 


1/2 cycle later dot 
moves 2/4) forward. 


5/8 cycle tater dot 
soves 5/8 forward. 


3/4 cycle later dot 
moves 3/4. forward. 


7/8 cycle later dot 
moves 7/8\ forward. 


1 cycle later dot moves 
4/4. forward. 
(same as A). 


Volteeter readings. 
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Voltmeter always reading — 


¥ 
| 


A 
ae ae 


NS 











Be 
c 
“* 
a 









No reading 













Voltmeter always reading—— 


~~ 
* 
| 


SAL NN 
Ny 


: 


ee 






Transmission Line 9 1/4) Lops. 
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TRANSMISSION LINES 7, 
_ (Voltage standiag waves in a short 
circuited line). 


shorted 
end 
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Wave if it had not Sending wave meets 
iain seed ref lected wave having 
and reflected. may opposite polarity 

cancellation of all 
voltage raves at this” 

imstant. 

Standing waves 

building up. 
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Standing waves at 
saxisue values. 
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Standing waves dying — 
away. : 
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Cancel lation of all. 
voltage vaves at this 
instant. 
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Standing waves” 
building up. 


Standing waves at 
tax {num values. 
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Standing waves dying 
avay. 
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Cancellation of all 
volt:ge waves at this 
instant. 


NOTE: Voltmeters cannot show polarity 
changes of the above so curwe J re- 
presents the instrunent readings 
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Fig. 30 = Process of building up standing waves of voltage in a transmission 


line terminated in a short circuft. 
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Start of a train of waves 
Note dot at A for start. 


1/8 cycle later dot 
noves 1/8 forward. 


1/4 cycle later dot 
soves 1/4), forward. 


3/8 cycle later dot 
moves 3/8) forward. 


1/2 cycle tater dot 
moves 2/4), forward. 


5/8 cycle later dot 
moves 5/8), forward. 


3/4 cycle later dot 
moves 3/4). forward. 


7/8 cycle later dot 
moves 7/8. forward. 


1 cycle later dot roves 


4/4. forward. 
(same as A). 


Ammeter readings. 
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and ref lected. 
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Ammeter always reading 
Amseter always reading 
Ammeter always reading 
Ammeter always reading 


exists in the short at this 
end of the line. 


Current standing wave always 


TRANSMISSION LINES 8. 
(Current standing waves in a short 


circuited line). 


Sending wave nects 
reflected save hav ing 
opposite polarity 
cancellatiom of al | 
current waves at this 
instant. 
Standing vawes bei (d- 


ing up. 


Standing waves at 
Haxisun valves. 


Standing waves dy frag 
saway. 


Cancellation of all 
current waves at this 
instant. 


Standing raves 
building up- 


Standing saves zt 
maximus values. 


Standing raves dying 
away. 


Cancel lation of al | 
current waves at this 
instant. 


NOVE: Ampeters exenot show polarity 
changes of the above so curve J re~ 
presents the instrument readings 


Fig. 3! = Process of building up standing waves of current in a transmission 


line terminated in a short circuit. 
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Fig. 32 = Impedance changes along an open 
circuited line. At the end (left) 
the value is an infinite Xe~ A 
point 4 back is resistive but zero 
and at $\ it is XL and infinite 
changing immediately to Xp infinity. 
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6F— Fig. 33 = In the shorted (ine the end value 
= oP fs resistive and zero, +A back it 
2 . | is X, and infinite changing inmed- 
3 wl lately to finite Xp. 
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Fic. 34 = A value of Ro reflected = 
a point + back. 





Fig. 37 - A short circuit reflects 
R #0 at 2 point 3 back. 


Fig. 35 - An open circuit reflects 
R = 0 at a point + back. 


Reflected R > Ro gee 
but but : 
Reflected R< oo R>0 Reflected R< Ry R> Ro 
but but 
Fig. 38 - A value of R less than Ry reflects Reflected R > 0 4 
a value of R greater than Ry at a 
point 4) back. Fig. 36 - A value of R greater than R, 


reflects a value less than Ry 
at a point +> back. 
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9° Fig. 38 - 600 onm open wire line 
a { requiring energy from a 600 gener- 
ator which is, in this case, only 


6° pra Zy = 600 a 72 ohm line. 
Fig. 37 = 72 ohe parallel wire rubber 12 


embedded flex carrying supply to a 
600 ohm open wire line. 


——  / a 
Fig. 39 = Requirements for correct working. 
<- s —> 
12 Chm Line 600 Ohe Line The 600 ohm section must be made to 


LS =S—_ appear as 72 ohms viewed from the 72 che 
— bi flex and vice versa. 
72 Ohm 600 Ohe 


; Wi 
Load Generator is: $2 Saaee: BIS 


600 Ohm Line 













TT EEE 


o5* Diam. tubing. 





72 OhmLine 
embedded 
rubber pair 


o5* Diam. tubing. 
Zo = 200 Ohas x, ; 


Fig. 40 = Quarter wave matching transformer, using 3* diameter copper tubing. The 
transforwer makes the 600 ohw line appear to the 72 ohm line as a 72 ohm 
resistance which is its correct terminating value and prevents wave 

reflection. 


8° Spacing 600 (2 


|-—_____- 5 Wave Aerfa{—_—______.. 







3" TUBING —= 


+ Wave Matching 
Transformer 





Fig. 42 = Top section of a quarter wave match- 
ing transformer showing method of connecting 
the antenna. 


<r Fig. 41. - Quarter wave matching transformer used to connect 


Any 
Length 
ps a transmission line to a half wave antenna. 
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«Fig. 43 - Vartation of fapedance Saticen vires along a transm‘ssiog 
line Le tons and vith a chorted: ond (neasured in teras of Z,) 
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Fig. 44 ~ Current aad Voltage Distribution along the +d of line 
referred to in Fig. 43. 
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Fig. 45 - 600 ohm tine tapping on to a +) feeder at 
a point having an impedance ef 600 ohne. 


os hy Fig. 46 = Paral lel tuned circult fed from a 600 
> -ohe line to show exact simularity with +d feeder. 
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Fig. 47 - Nalf wave antenna voltage fed from 4d feeders, 
which, fin turn, are fed from a 600 ohm line as tn Fig. 45. 
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Fig. 48< Half wave 
antenna current fed 
§ fron 2 feeders a 
which in turn are 
fed from 2 600 ohe 
line. 


‘RATIO tas n/tuan, ON UNTERMINATED LINE 


Fig, 49 - Half wave antenna current fed 
from two } feeders which in turn are fed 
at one of the {i sections, sinilar to Fig. 48 Fig. 49a = Design Chart for corrective matching 
used when methods of Figs. 47 and 48 are not , stubs. 

suitable. 





The Melbourne Technical College. TRANSMISSION LINES 12. 





Fig. 50 = A feeder line having the same physical construction as a 600 ohm line and a length of 
$d It is fed by voltage taken from the ends of a closed circuit and feeds voltage to another 
closed circuit, both of which can be regarded as open circuit. Note the standing wave of 
voltage and the change in brilliancy of the neon test lamps. Note also the ammeter readings: 





Fig. 51 = Same line as in Fig. 50, but now operating as a transmission line. 
are tapped at their 600 ohe points so that Z 


waves of current and voltage indicated by th 
current in the ammeters. 


The closed circuits 
gen= Zo = Zio,g Note the absence of standing 
e even glow on all the neon test lamps and the 


| 
i" Center Line 


-+———_ 4, 





| = Fig. 52 


Ss \ A me h& 


Ss w~ x nn 


Single wire transmission Line. The 
. antenna tap is made at a point D 
from the center which will match the 
impedance of the line itself. The 
value of 25 for a single wire line 
cs varies between 800 to 900 Ohms de- 
} pending on height and gauge of 
; wire. 
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Fig. 53 = Diagrans A to F show by ammeter readings how the standing 
waves on the line disappear when the impedance of the line matches 

: the antenne junction. The tapping distance D is given as .133 

| by L for No. 12* , .139 for No. 14 and .144 for No. 16% 

. wires. Lin this case is (8 metres. 
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12" wire. $ TO 5S WAVELEWOTHS : 
RA. - Setteh 
Pe Send —_» le 
Receive <— se? 
\ 
See ena de Oren -- te 
Fig. 54 = Long wire antenna terminated in its charact- 
eristic impedance of 800 ohms. 
k ¥ 
> ‘ Z s/A 
B / Length=4a — 
Terrmnating resistance 
papi / agen! te ee =A|A- = § « 
, Radiation frow a nor- Split radiation fron 
papetigns) o 1 mal £4, antenna: 4S aeEeONe 
vidual wires g 


Fig. 56 = Two long wire antennas arranged at such 
an angle that B abd C add while A and D cancel. 


A B 


és 
. ae. al Oi rectional characteristics 
ofindividval wires 








Terminating resisfance”“ : Oa C - - D - 
: ‘ Addition of a minor lobe of | Note that in D,€, and F the 
Fig. 57 = B and C add while A and D cancel. radfation for e 142. antenna. radiation angle dips from 36 





to 17.5. 
v \ pm 3 
; a / oe 
; / Send 
~ Length =6A 
ri ‘ Fig. 55 = Radiation patterns for horizontal antennas showr- 
Fig. SB- lerminating resistone ing how radiation changes from broadside to end fire as the 


length in wavelengths increases. 







Rhombic or Diamond antenna. 6,C,E and Hi add 
600 or 800 while A,0,6 & F cancel their waste gent 
radiation. fall 


ohn line. 









Elevation 


Side elevation of a Rhombic antenna al that each side 
is made up of two wires and not one as in theory. This 
is done to preserve a better impedance match as the 800 : 
ohn lines fan away fro each other and then return to Ro fos 


— WAVELENGIMS 


5M 


ae at the end. os 
63 : 
ail - pre 4 i 
: - eo 
10 12 ‘4 6 16 20 22 24 
WAVE ANGLE (4) - DEGREES 
MAK MUM OUTPUT METHOD ALIGNMENT METHOO 
Fig. 59 = Wave angles of a Rhombic as found from Fig. 60 = Design Chart for finding H, L and 
the chart in Fig. 60. in terss of A the propagation angle. b 
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Fig. 62 - Concentric line on half waveleayth 
tong and terminated in Rp = Z, acts es @ 
polarity reverser. The load is not 2 bal- 
anced one in that one side is earthed. 





tig. 63 = Extension of Fig. 62. By tapping 

the end of the line back to the same con~ 

ductor one half wave back Rigad is connect- 

ed to balanced points having polarities of 
E+ and E= 


Rioad 





Fig. 64 = Practice! use of the arrangement of 
Fig. 63. Here the last half wave of con- 


centric line is bent into a circle so that 
Rtoad is available to pick off a balanced 
vo {taae. 





| No earth fo 14 
‘righ! of ths line 


Fig. 67 = Extension of the theoretical cir- 
cuit of Fig. 65 showing how the new equiva- 
tent generator of voltage Es Feeds Ri gag which 


is balanced across the outer two tubes. 


Fig. 61 = Method of matching a two 
balanced line to an earthed concer 
line by coupled closed circuits. 


Th, _T3 





Te 4 


Fig. 65 = Equivalent circuit of Fig. 66 
chown below. 





Fig. 66 ~- Balanced output obtained by the use 
of an added parallel length of outer tube. 





Fig. 68 - Feeding of a dipole by moving back 
along the half wave section to match the 
72 ohm impedance of the zerial. 
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10V 
109 Rext. 


R int. 102 


Fig. 60a 3 
R int. and R ext. equal Power 
Transfer Efficiency equals -50. 


8 To Load 


Fi Oe Sia ” 
Typical anode = antenna loading 
on Oscillator or class ®C* amplifier. 


MATCHING GENERATOR AND LOAD. 


10V 


902 Rext, 
R inte 102 


Fi Ge §0b - 
R int. and R ext. unequal Power 
Transfer Efficiency equals -90f. 





FY Qe §1b ad 
Resolution of Fig. 51a. 
NOTE: This circuit is identical 
with circuits of Fig. 60. 





CONCENTRIC FEEDERS IN PRACTICE. 


h. Feious ANTENNA SYSTEMS ANO METHODS OF FEEDING WITH 
AWN'Y Dést(RED LENGTH OF BASSETT CONCENTRIC FELDER. 
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Fig. 1 = Directive Effect of B 
L Aerial. 
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Fig. 4 = Aerial Circuit, Fig. 5 = Gonicometer (fils in 
Bellini-Tosi Systen. 
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Fig. 2 — Fram \ierial 
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Fig. 3 = Polar diagram showing 
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Fig. 6 = Relationship of 
Goniometer Coil Position 
and Signal Direction. 
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